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Ab._tra('t

We report on the positron to electron ra.tio in the cosmic radi_tl.ion o_er

more than one decade in ermrgy from O.g5 to 14 (h_V, using the NMS[).

WiZard/(TAPRICI".. halloon borne magnet spectrometer. 'l'he spcctrometer

uses ;t so[hi radiator ICJ(_[I detector and a _ilicon tmm, sten calorimeter fbr

particle idemi/icai, ion. The proton rejection ihctor of the two instrument

combined is better i.tian '2 X 10 6 between I).6 i_nd 3 (,'v'l"c dropping t.o

iJ X [0 5 at "_l (.]V ItC {ll'l(] 10 .t 8L 10 CiVIc. The d_,lt.;l, w,_is ,:,>llecced duririff.

23 ]'iOil£S _-lt ;{ l/le_in residual ai.rnosphere of ,1.0 g...'cn:l _>. From a. lotal of"

27,56 well identified e and 49g e' we ;_re able I.o coll,4trllCt l.he l),:)silroii

fraction I( e' /'( e" - e ) ._is _-_furictiori of enc:rgy wit.l'i srna.l] cirt)ls

['r(:)lri I).g[) ('_eV to 14 (].'V for the first tim,_,. We ob_.er_..e a (]ecrea:ing ratio

in Lhis energy regio]:i. '.'.'hi, energy dependent behaviour i_ corlsisterlt wil.h

the simple leaky box model. The Oo._ii.ron fra.ci.ion irl the 1jppcr el'lergy

birl._ are iri agreement with the latest high energy rtiei_sllremerits.

STsbmzl, t,cd t,:) A _CJA
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1 Introduction

It is generally believed tha.* the bulk of cosmic ray positrons nbove about 100

MeV are of secondary origin, being produced in high en,'rgy colli._ion.< ,_fcosmic

ray nucleons with interstellar nlatter (l_r,)ther,_c, 19._2). IIv t.hi_ prcwc>s c],:ct.r_,ns

are also produce,t irl ;_pproximatc!y cq,_al arn,mn_s ,_.s p<,>itr,_ns. II_,wcw:r. m,,_,t

of the cosmic ra.y electron.,, which are _mly about. I% of lt_c total cosmic ray tlux,

come from primary pr,,_lucti,,n sites. 'l'he fraction of positron> I{ e 7( ,,

e ) is a sensitive pararrlc|er f_,r understa.ndi._g pro_lucl ion and pr_t)_a_i,,n _,flhc

lightest chargy_l lcpl,,n. In ad,lith.,n_ lhc soh_r wind c,mld inl]ueuc¢: lhc p_,._itiotls

and ehectrons dill'crerll.ly: making l{ lime deperlden! ,_ver _'hc p_eri,.,d ,,f th,' s,da_

cycle.

Mos[ of t}le. Fc'('cl'lt rn_'.a.surernt'ii1s Orl the e]ectron-[_osil.roii C_)lll[_,(_iI('iiI [lil.Vt_

been "arried out above h (]eV (e.g. I_,_trwh:k el al. 1995, (_olde'n el. ;tl. 1996).

I'_xccpt for one measurement with ra.ther large uncertainties (Cictn et al. 1!}95"!:

no rneasurcrnents have been made. below 5 (,e*_ since eltrly se.venti¢.s (l"_nsel_,w

et al. 1969: l)augherty ct al. 1975). l'he. ma.jor problems a.ssociated with l}lc_

balloon borne positron measurements are (i) the unique hle:niifi¢:ati(,r) against a

va.st, background of proteins, and (ii) corrections for the positrons pr,)_lu_:cd in _hc

resid u al at moq_here.

In this letter we are'. reporting, results from a balloon borne cxtmriment in

which the positrons were identilied with a negligible ba.ckC, round from pr<_t<ms

in the energy range between 0.6 a.nd 10 GeV, me._rsured _tl. the s[)ccl, rofn_:t_:i,

by using the comhinatior_ of a ring imaging cherenkov (1{.1(2tl) ,h:t,,ct,_r and an

imaging silicowtungsten calorimeter. '['hi_ was the first time that such a powerful

comb;nation o" de_.ec/.ors was used in cosmic ray studies.

In order to acc<,,_n{, for the atmospheric correction% we haw'. made use of a

novel technique. Fhis rrle,:hod involves first usin_ the in._trument to determine

the negative muon spe.ctrum a.t tloat altitude. l'his spectrum is then used to nor-

rnalize the ;malytic_dly determined ;_tmospheric el(:ctron-positr(m spectr_. I'his

tnethod is reli_tble sin(:c most of the atmo:t)heric electrons and positrons a.t small

atmospheric depths are produced from mu(,n decay at these energies.

2 Detector systmn

Figure ! shows the N MSU-WiZard/CAPRICE spectrometer that was th)wn from

l,ynn Lake, Manitoba, Canada on August 8, 199'1. From top to bottom i_ in-

dudes a F.ICH detector, a time-of-flight (ToF) system, a magnet spectrometer
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of multiwire proportk)na] (:harnt)ers (MWI>C) and drift chaml),,r_ (D(_) and _J

silicon-t_zn_sten irnagi,Jg c_h,rimeter.

The h>.l(;ll detector (C;_rlson et _£1. 19!14, Carlson (:t al. 1',495), with a thre.shol(t

l,()rer)tz f;tctor of 1.5, u._('.s a solid Nal'" radi;|_or _).r,_l ;). ph(,l.c,.<<'))<iliv..'_ MWI)(:

with [)_td r(.'_t(]out to d(:(.(_('.l, th(:_ (:h(:r<:r)k,)v li_Jit in)ag;'.. It was u.<(:d to rr)ea_j|(.

the velocity of the parti<'le_. 'l'h,' 'l'oF' _xs|ern (;onsists (,f |w<, la.yers (.,f" pl_)st.i(

scintillators, on(_ above _£n(l one l)eh,w lhe tr;tckiri_ stack. II wa> )Ise(l t<:, give _.

trigg('r ;_s w_:ll as to )n,'_ts)Jr<: t.h(: tim_: (>[ lli_l|t _).n,l all'],,"(Ix h)._h_:.< _,I- the parli(:h'<.

'I he m_gn,_(.._l)ec(romet<_r ((]olden et d. I!)91_ l l,>f el, _£I. I!)!:)4) rnea._|)r<'_ tl)_:

rigidity of the parti(:Jt: with ;_.n avcra.gu rr|;|.xitr|urr) dei.(_.ct.;3.t)le ri_idit_ ,,f 200 (IV./<.

I>in'_lly, the (:leclr<>rne_)',el.i(" c'_).h)rirn(:l.<:r (llocciolirli t't al. 1!).gti) is (ornl)osed o[

eight, plane_ <>f d(nJl)le sided silio>n si, rip <h:).<:<:(.or_ int.,'rh'_ve(l _i(,h s(:ver_ l;_5"(:rh

oi (ung.,,t(:r) converter', ((:_ch one ra.dia.t]on lengtJ) l.hi<:k), l'h," _ili<:ort sl.ril).., a.rc'

pii_c(:d l)_rl)er|<li(:,_l,tr ' to e;u:h other, _ivi)ig the encr'gy (l,-'l).sited in (:_tch strip.

Moreover: this imltging device provides ir)l'orrna.l.ior) ()r) tile hmgit.udin;d as well as

the h_ter_i profile <>f the (:a._ca.de.

3 Data analysis

l')urin__; the 23 h<>ur long, flight m<>r(: than six million ever|t._ were recorded at it

mca.n residu;d _tmosphere o[ 4.0 g/<m _. l']lecl, rons and oosii, r,.ms were sele(:l,e(] in

the rigidity range between 0.6_tnd 10 GV/(:. We required thal. asir|zh: track wil.h

_).n -_.c(:(:pt, a.l>h,. (:hi-sq)mre t,raverse<] th(:' sp(:cl.rom(:ter. W(-'. s(_lf:cted singly (:h;tr_(:d

p_r),i(:l_:s wit[) ;_ :6gn;_l corresponding t(> less than 1.7 rnip_ (minimum i(>nizing

[)arl, i(:l(:s) ill l.he tr,; [) 'L',_>I"scinLillator. Albedo (:venl.s w(:r(: r<:.i_:(:ted u._ing both th<:

l'oi" _md l.he I_l(_tl. An eln<tron _amph" was ._(:l(_ct._d a,h par(.icl,_ with n_,_tiv_,

deflection, # L as del.<:cl.e(t by the' t/1(_1I and a.n (:h'.ctr()rnaejrt<'tic hh<)w,:r in th<:

c;tlorirr)<:t_:r.

l'he (:u.(,_ imposed or) I.he ('id,,rim_.l._r tu id('ntify (:'le<.l.r<)rn_t_r)_.ti(: .di,)w(,rs h_ve

a. Io_;a.rithmic (h'pv)|(h:rl('(' <)r| rigidity ;tr),t ar(' L)._.._,',t ,,n (a) re._,nlts fr,)m a.n expev'i

rnent using; p_rticle bcarns ;tt. (;EI>_N (P,<>cci,)lini et, _tl. 1993), ([)) .,,imuh|ti()n._ itr)(l

(c) <:xt)<:rien(-e g_in(:(t from _t previous flight, with th(: same instrumenl, ((3ohh,n et

_1. 1996), An eleclr,)rn_gneLic shower is (:hatracl.e.riz(:(l hy ;t na.rr,)w shower with

most of lhe energy det)()sit(:d inside 4 Molic:re radii _r(,und the l.r;wk. W<: imposed

dditional cuts hased on the total d(:vected energy, which should m_).tch the mea-

sured momentum) an(] on the longitudinzd _tnd lateral profiles of the shower.

A small number of particles emit a bremsstrahlung photon before entering the

c_lorimeter (e.g. in the I'LICH or the aluminum cover of the gondola) that was
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F,,ner gy bin

at

spectromet, er
GcV

0.8- 0.8

0.8- 1.05

1.05- 1.5

1,5- 2.0

2.0 :l.0

3.0 5.0

5.0 10 0

Table 1: Summary of electron- positr_m results.
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detected in the calorimeter as n p_trallel shower. These double ._hower events with

a single tra_.k in the tracking system are clearly electron/positron events and can

be used with looser cuts. The detection et]iciency of the calorimeter using the

above cuts is rigidity dependent increasing from 80% at 0.6 G V/c to 85% al)ovc

0.7 GV/c, being c<..nstant 85.% between 0.7 and 3 GV/c then slowly decreasing

to 75% at 10 GV/c.

The RIClt was used to rnea.sl;re the velocity (fl) of the particles. I)ue to

the high rejection factor of the calorimeter, rather loose cuts were ;tpplied on

the RI(;tt data in order to max_imize the efficiency of selection, i';lectrons and

positrons were selected by the f{ICI! as /3 :. 1 particles with a well defined

Cherenkov light image and a good agreement between the t}osition del.ermi,u:d

by the 14.1Ctl and that from the tracking measurement. With these cuts appli,'.d,

the HICII has a. constant detection efficiency of 72% between 0.6 and 5 GV/e.

Above 5 CV/c the lq.ICtl is not eapabh.' of separating protons from positrons and

was not used.

The :,clntillator cut of <1.7 mip g':w-.' an efficiency of 98% R)r protons, pions

and rm,ons. Ic:lect.rons and positrons c_m emit bremsstrahlung photons which ma

terialize in or above the top scintillator. These events will be rejected by the cuts

applied. The efficiency for electrons and positrons is found to be decreasing from

86% at 0.6 GeV to 81% at 10 GeV .due to a small increase in shower multiplicity.

4 Results

Table 1 gives the number of electrons and positrons that pass the oats a.pplied

(-on the RI.,H, the Tot" and the calorimeter. In order to estimate the number



of protons whh:h sirnul_£te at positr,,n-like catscade in the c;dorirm_ter, w_.' selected

;_ proton sample using tl.e t_ICH atnd ToF for rigidities less them 1.4 (_V/c. In

this energy region the RICII atcts as at threshold counter and the '1%t" i:. able to

separate protons from lighter particles. Between 1.4 aud 5.0 GV/c the I/1Cll

can accurately identify protons. On this protor, satmple the cah_rimeter cuts were

applied and the surviving prot,ms were used to determine the con| arnina|.ion. The

pT'oton contamination was found {o be.g × 10 4 for rigidit.i_s bet.wcen 0.6 and t.{I

(_V/c an.(] less than i x I0 _ between l and 5 _ _z(,_'/c, In the energy r<!gion fro,!_

5 to 10 GV/c we assumed that the contarnination is the same a_ that of the bit)

3 to 5 GV/c, that is: (1.1 ! 0.5) x I0 4

_I_he muon and pion background wa.s estirna.ted using Monte (_,a.rlo simulatiorls.

The pion contamination was found u:, be ,5 x 10 _ below l GV/c and less than

l × 10 3 between I atn(l 5 C]V/c. flow('v{.'r, the a[_undatnce of pions is less than

1 × 10-3 of the protons at this srm_ll atmospheric depth and hence the pion

contamir, ation is insignitlcatnt. The rnuon contamination was negligible at _dl

rigidities.

q'he number of protons patss;ing the i_.ICll cuts wars e_timated using a proton

sample selected by the TolP below J GV/c, and by the c_xlorimel, er above 1 OV/c

by requ;ring an hadronic ]nteratction. The proton c(mtarnination in the I_.IC[t

was found to be 2 × l0 3 between 0.6 and i .,v/c increa<ir,g to 2% at 3 GV/c,

:_§% at 4 GV/c and 60% a.t, 5 GV/c due to the loose cuts applied. It may be

pointed out that the R.I(;It cannot separate muons and pions from electrons and

positrons in the ene.rgy region of interest in this analysis.

Assuming that the rejection of protons by the 1{1(:1t and tile calorimet,.'r is

independent we. get _ total proton contatmin_ition of less l.hatn 2 × I0 _ bet.ween

0.6 and 3 GV/c increasing to 6 × 10 s at 5 GV/c and 10.4 at 10 GV/c. The

rejection factor of the calorimeter and the |{[(:H is high enough to eliminate

all proton, pion and rnuon contatminattion from the positron satmple between 0.6

and 3 GV/c. The proton contamination was found to be .9% and 1.7% of the

positron sample in the rigidity bins :{ to 4 GV/c an,.1 4 to 5 GV/c, respectively.

In the rigidity region 5 to 10 GV/c only the calorimeter has been used resulting

in a proton conta.minattion of 25% of the seh.'<:ted positron sample. This proton

contamination is shown in the parenthesis in T;lble I and w;ts subtracted from

the p.k,:tron sample.

'i'he secondary positrons and electrons, which are produced in the residual

atmosphere above the instrument were estim_xted in the foliowinK mariner. We

first determined the energy spectrum of the negative muons. These rnuons were

identified by requiring minimum ionizing, rtegative curvature particles, which



enter the iristrumcrit from the top aIl_] urlder_>o rio interm:ii,m in the calorimet¢,r.

'l'}m efficiency of se,]ecting the, se particles was f_un<] to [)e c_,_.2_;. Wc show in

P'ig. 2 the observed Sl,CClrl]ln (nuniber of particlcs per unit cricr_y) ,>[ muoa_

f'rom 0._ (]oV {o 10 (.]e.V. "lhc d<_tted cllrvet Stll, Jv_[i lrl this libOlrc i_; l.]i_ calculai, ed

,spf,_c{rlJrli ;It 4 F,/cm 2 of r_sidual _.it.li<lllsr)h(,l-t , t.<'gi.cl>hells IgY;I !..Note lhe e×ce.llent

,_gree.rrle.nl. with data. At the t<,p of lilt payload (1'_,1 >) lllt.i_t sec<mdary <qectrons

alld t>_JsitrL, ns c_>rne fr,>m deca.yin_; illu_ms. We use the: iiorma.lization consl, anl,

obt;fined from lt_e mu,m <;peel rum in I:i_. 2 !,_ <'_tim;_te 1F,_ sec,mdary electron

positron sw'ctra _t 4 g/cm 2 (St_:pilens 19<_1).
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Figure 2: The measured electron and. positron flu_ at the top of the payload,

the anMytically determined atmospheric background, and the measured muon

spectrum with an ana.lyticM prediction.

The observed electron and positron spectra were corrected for the efficiencies

and were extrapolated _o the top of the payload using bremsstrahhmg corrections.
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Th(>e flux values (p_Lrti('les per unit energy) are _hown in I:ig. 2 as it funt:th,n

of cnerg.y. 'F}le estimated al.Hlo,<,[)heri(, se(:ondarv eJectrons an(_ l_)o.<itrons &r<:

also shown by dashed arid s,,li(1 curves, resp(mtively. The nurrlb('r ,,r s(:,.:Oil(Ja.rv

parti(:les are ta.bu]ale('] ill Table I ah,ng with the cxi rapolated numlx:r (,f (,l_.,erw.(t

clectr(.,vls and posil.r,)ns 1.o tt,' top (,f th(.' payload.

in order to chv(:k the correcl n(_ of this l>r(_(-e(lur% we haw, (',ram rucl.r.(] l.[l_'

gr(,wl.h (:urve of the el('.ctr(ms in the. a.lnlo'_pherc |foul 4 ff,.."(:ni" t.o 200 b_.iclrl 2

irl the ,!nergy interval 0.(J-0.fl (Z:V. I'_y rJ,,rmalizhlg lilt (:ah:ulate_l zr_,wlh (:urw.'

(l)aniel and St.epherls 1974) f,,r ?t)(I Mc'V clccirous over the (b'pLh h,'tw,.on "_0

arl(J I_b0 g./(:m 2, wv,)l)taine,] the I'racti,,u (,fs,,c,,n(lary rh'ctr,ans to bc 1;,.2 : 1.9_:_

at 4 g,'(:Trl 2. I:rom the 'lahh: l: our can c:,timat(: tha.1 t.hc fracti(,n of :c(oi_dary

electrons it: i, he energy irlterv_l between 0.6 arid 0.8 (}(;V is 15. I i 2.3c/,:, _£s_urriirlL_

a pos,_ible l._,_ uvl(:er_.airlty for th(! th('.or('.tic:al ('sl,irnat_,.'l'hi_ (,bscrv(!(] consb.tcu(:y

between these two indepcrl(tent mel, hod_ givc._ us (:on[](l(m(:c' thai thr (:_,vr(wli(ms

made are relia|,h:.

Th(: corrected eh.'ctr, m an(1 positron :,pe(:tra were extral)ola.t(.,_t I.,) th(, top o[

the atmosphere (ToA) by _olvi,_ simultaneously the (:a>cade ,:qua_i,)rl> dcscrib

ittff, ghe propaga.lion o[" ch:ctr,)r,s, t)ositruns and ga.rrvma riljs that resull fr_tn

brernsst.rahlung of the electron component, t"rom this. we. obtained the positr(,n

to cle('t.ron ratios that are shown in Table 1 aloug with the median en(:rgy al _.he

top of the atmo._phere.

The resultin_ positron to eh:ctr(m ratio is plotte(I irl t"ig. 3 t(,gether with

previous measurements(Fansclowet &l. 1969, Daugh('.rtyel, a.I. 197;_, Nlulh:r and

Tang 10g7, (]ohh:r_ ,:t al. t997, (]ohteu et al. I.q94, l_arwi('k et a.I. 1995, (}ohl,.'n

et al. 19.96, Agrinier eta[. 19(i.9, Cletn et al. 1995). 'l'hc errors showu in('l,_des

both the statistiral ar_(] the systema.ti(: errors. Our results are iu agreement

witll the rec(.'nt rn(_asurements ((]olden et al. 1.09G, I_arwick et al. 1!)!15) ;/1. the

upper (.'tvergy bins. W'e n(_tice th_,t the positron fracti(m (|{),{ecreas(..s from 0.14

at 0.g GcV to 0.075 at 4 GeV _tnd remains nearly (:onstanl, ,.tbove this (:nergy.

The observed energy dependcn(:c of our results is consistent with that e×pected

from the simple leaky box mo(h'.l (I)roiheroe ]982}. The va],x,, of the ratio is

dependent on the amount of matter traversed in the interstellar spa('r and ,mth'..'

assumed spectrum of clectr(ms; both thes,: have large unccrl.ainties. It is ('.ssen/i_l

to obtain the absolute spect.r.:,_ of both electrons and positrons to derive useful

information on the origin and propagation of these components. The analysis to

obtain absolute fluxes o[" electrons and positrons is in progress as well as efforl;s

to extend the an;_lysis to lower energies.
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